This article proposed an approach to construct high-order balanced M-band (M>2) orthogonal multiwavelets with symmetric property, and demonstrated the advantages of our constructed multiwavelet systems in digital elevation model (DEM) generalization application over some other wavelet systems. We studied the theories related to the key properties of M-band multiwavelets, such as orthogonality, symmetry, flipping and the particular issue and balancing. According to the theories, we then discussed the construction procedures of the M-band multiwavelet systems integrating all the key properties, and presented their realization process based on Gröbner base technique. Three families of orthogonal multiwavelets were achieved in this way, including three-band symmetric family, three-band flipped family and four-band symmetric family. Each family was indexed by a increasingly balanced order ρ (ρ∈{1,2,3}), and supported with the minimal length according to every balanced order. We finally tested their practical performance in DEM generalization application. The results show the superiority of the constructed M-band multiwavelet systems over other widely-used wavelet systems, including multiwavelet of two-band and scalar wavelets of M-band and 2-band, and justified the effectiveness of high-order balanced property of these proposed multiwavelet systems in preserving main trend features of signals.
INTRODUCTION
Multiwavelets have some particular advantages over scalar wavelets, mainly shown in the design of finite impulse response (FIR) filter banks (FB) with orthogonal and symmetric properties (Strela et al., 1999; Daubechies, 1992) . Since these properties are significant to two-dimensional (2D) signal processing, multiwavelets greatly trigger the interests of researchers. Compared with two-band multiwavelets, M-band multiwavelets (M>2) offer greater flexibility in choosing time-frequency tiling, and has become a focus of recent studies (Heller and *Corresponding author. E-mail: qkyang@nwu.edu.cn, wanghaijiang_study@126.com. Resnikoff, 1993; Bhatti and Özkaramanli, 2002) . However, a crucial problem existed for M-band multiwavelets in their design and application just as in the case of two-band and application just as in the case of two-band multiwavelets, that is the approximation power property does not ensure the preservation/cancellation of discrete-time polynomial signals by the lowpass/highpass branch of the FB Vetterli, 1998, 2001) . Mallat (1998) once said the main advantage of wavelets is its approximate ability to practical functions with less nonzero wavelet coefficients. Hence, this problem seriously limits their applications.
Meanwhile, researchers have designed strategies for the problem, such as to intricately preprocess discrete-time data, or to particularly transform multiwavelet basis, but they always destroy certain pretty properties that the multiwavelet basis originally owns, such as symmetry ororthogonality, for example (Lebrun and Vetterli, 2001) . Besides these, directly constructing specialized balanced multiwavelets is another way for the problem. Fortunately, it also enables a single wavelet system to integrate all the pretty properties above together. By using Gröbner base technique, several families of two-band orthogonal multiwavelets indexed by increasing balanced orders were presented in previous studies Vetterli, 1998, 2001; Selesnick, 1998 Selesnick, , 1999 Selesnick, , 2000 . However, the related discussion about their M-band counterpart is few. Both M-band multiwavelet systems and high-order balanced property are very useful in some application. For instance, they are greatly necessary in the application of digital elevation model (DEM) generalization, as an important and well-known requirement in many photogrammetric, remote sensing, and geographic information system application. Wavelet transforms (WT) provide us with an efficient image multiple-level sparse representation approach. Recent studies justified the feasibility of using the WT to generate hierarchically multiple-level-of-detail (LOD) databases from raw DEM data, and obtaining the generalized DEM in different generalized scale by using the WT with different decomposition level (Devarajan et al., 1996; Zhu, 1999; McArthur et al., 2000; Yang et al., 2009) . However, it is suggested that integrating the M-band multiwavelet systems and high-order balanced property together would improve the performance of this WT based DEM generalization method.
On one hand, M-band systems achieve the problem that two-band systems fail to solve in this area; they enable many kinds of generalized scales that the latter could not provide. Using a two-band system, only the generalized scales of 1/2, 1/4, …, 1/2 k are accessible (k is a positive integer), whereas using an M-band system, many other scales beside these will be available, such as 1/3, 1/5, 1/6. In addition, M-band multiwavelets lead to less accumulated error resulted from multi-level decompositions compared with the two-band counterparts, since they requires fewer-level decompositions in obtaining the generalized DEM with a specified generalized scale (Zhu, 1999; McArthur et al., 2000; Zhang and Yang, 2005; Lv et al., 2007) . As the development of M-band wavelets, M-band multiwavelets should be introduced into this area. On the other hand, the higher-order balanced property in multiwavelet systems is very necessary in the application of DEM generalization not only because it avoids the oscillations created during the reconstruction from lowpass subband coefficient (or approximate coefficient), but also ensures more smooth features (or trend features) to be preserved by lowpass FB branch Vetterli, 1998, 2001) . Therefore, it is meaningful to integrate high-order balanced property with M-band multiwavelet systems that is to directly design the high-order balanced M-band multiwavelet systems.
In this study, three families of high-order balanced M-band multiwavelets were constructed by using the Wang et al. 1885 Gröbner base technique, inspired by the construction scheme of Selesnick (1998 Selesnick ( , 1999 Selesnick ( , 2000 and Lebrun ( , 2001 ) used in their two-band counterpart construction. The article was organized as follows; the fundamental theories on the key properties of M-band multiwavelets were first studied, such as orthogonality, symmetry, flipping and balancing as well. According to the theories and the key instructions for designing M-band multiwavelet, we then constructed three families of orthogonal multiwavelets. Every family is of the multiplicity of two, orthogonal and symmetric (or flipped), indexed by an increasing balanced order ρ (ρ€{1,2,3}, that is the balanced order of the multiwavelets in each family ranges from one to three), and supported by the minimal length according to each balanced order.
To test the practical performance of these constructed multiwavelet systems, we applied them in the DEM generalization application and analyzed their advantages over other widely-used wavelet systems. Finally, we summarized the results of this study as well as the subsequent tasks in future.
THEORIES ON THE KEY PROPERTIES OF MULTIWAVELETS
An r-dimensional (rD) column vector function
. Here and below, 
to be a set of orthogonal multiwavelet is given by Jiang (1998a) , that is: During the construction of each M-band multiwavelet in this study, condition of Equation 3 then would be converted to several particular constrained equations to be added into the equation system, so as to attach orthogonality to the constructed multiwavelet. Different from scalar wavelet, vectorization of input signals is required for multiwavelet. In the case of 1D signal, the input signal should be vectorized to be an rD form. Splitting a 1D signal into its polyphase components is a national way to do that, and this is defined as: different. In this case, the polyphase method of vectorization will lead to a mixing of the approximate coefficients and detail coefficients, and will finally bring strong oscillations to the result signal reconstructed from the approximate coefficients only . Therefore, in order to rationally reconstruct the signal from the approximate coefficients, the spectral behavior of ) ( 
High-order balancing

Balancing
The idea of balancing is to impose some class of smooth signal to be preserved / cancelled by the lowpass / highpass branch. Its definition is as follows; Lebrun and Vetterli (1998) 
Definition 1: An orthogonal M-band multiwavelet system is said to be balanced (or 1-order balanced) if the lowpass operator
Theorem 1: The 1-order balancing is equivalent to each condition below Mao, 2004; Huang and Cheng, 2006; Yang and Cao, 2006) ; 
High-order balancing
Generally, considering high-order balanced M-band multiwavelet systems, it is a natural improvement of the 1-order balanced idea to let higher degree discrete-time polynomial signals to also be preserved by the lowpass branch. Its definition is presented below 
1
,
Theorem 2: The ρ-order balancing is also equivalent to each condition below Mao, 2004; Yang and Cao, 2006) . 
Theorem 2 ① is an approach to verify the balanced order of an orthogonal M-band multiwavelet system, and Theorem 2 ② is a method to attach high-order balanced property to an M-band multiwavelet system. During the construction of the M-band multiwavelets in this study, Theorem 2 ② was converted to several equations added into the whole equation system for obtaining ρ-order balancing, and Theorem2 ① was applied to verify the result.
Symmetry and flipping property
It is necessary to attach symmetric property to M-band multiwavelet systems for its importance in image processing. Therefore, in the first part of this section, we would discuss the theories about a kind of M-band multiwavelet system in which every scaling function is symmetric, and every wavelet function is symmetric/ antisymmetric. Next, another kind of M-band multiwavelet system, whose scaling functions are flipped with each other and wavelet functions are symmetric/antisymmetric separately, would be studied in the second part because this kind always gain some particular merits at the cost of the symmetry of its scaling functions. Jiang, 2000) .
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Flipping
Flipping provides another kind of symmetry. It focuses on the symmetry among the r scaling functions instead of the symmetry within each separate scaling function. In the case of r = 2, the two components of the lowpass branch in a M-band flipped multiwavelet system, 0,0 () yz and
as presented by and Weidmann (1998) . Here,  is a unique integer related to the maximal polynomial degree between 0,0 () yz and 1,0 () yz . Flipping is not a complete symmetry, although complete symmetric/antisymmetric wavelet functions can be obtained from flipped scaling functions. But at this cost, it brings other advantages such as shorter support length with same smooth level, or higher smooth level with same support length, compared with the completely symmetry discussed above. Likewise, for every constructed symmetric/flipped multiwavelet system below, Theorem 3 and Equation (2) was used to add symmetric/flipped property to its scaling functions, and Theorem 4 was used to add symmetric (or antisymmetric) property to its wavelet functions.
CONSTRUCTIONS OF MULTIWAVELETS
The WT is always implemented as an iterated digital filter bank tree, so the design of a WT amounts to the design of an FB. The FB designing problem is always achieved by solving a multivariate polynomial system of equations, especially when additional constraints are imposed. Accordingly, the Gröbner base algorithms extend Gaussian elimination to multivariate polynomial systems, and offer an efficient way to obtain solutions, since the equation system is always too complicated to be solved directly. Lebrun ( , 2001 and Selesnick (1998 Selesnick ( , 1999 Selesnick ( , 2000 used Singular software to carry out the Gröbner base computation in designing wavelets and multiwavelet systems, and presented the detailed procedures and complete programs in their homepages. We analyzed the procedures and improved these programs according to the particular properties of M-band multiwavelet system, and finally constructed three families of multiwavelets in the similar way. The specific procedures were presented below:
(1) Construct 0 P using fewest free variables at start, whose number is associated with the support length of the scaling functions.
(2) Establish the equation system related to lowpass FB coefficients. With the variables in 0 P , convert the condition related to every property (that is ρ-order balancing, orthogonality, symmetry or flipping, respectively) to several particular equations as discussed above, then group them together as an equation system. (3) Solve the equation system based on the Gröbner bases technique. Increase the numbers of variables (that is to increase the support length) and go back to step (1) when no solution exists Buchberger, 2001) . (4) Chose the smoothest from the solutions. In the case that many solutions exist, assess the smoothness of the solutions using an efficient indicator (Sobolev exponent for example, according to study of Jiang in 1998b, is used in this study and abbreviated as S below) and select the best. Thus, the lowpass FB coefficients with the properties imposed in step (2) are obtained.
(6) Establish another equation system related to the high pass FB coefficients. With the variables in i P , convert the condition related to every property (that is orthogonality, symmetry or flipping) to equations and get an equation system again, like the step (3). Then replace the lowpass variables in these equations with the coefficients obtained in step (4). (7) Solve the equation system based on the Gröbner base technique again. Finally, the highpass FB coefficients with the properties imposed in step (6) are obtained too.
We also used the Singular software to carry out the Gröbner base computation in this work, and used Maple or Matlab software to calculate the exact or numerical solution from the Gröbner base system. For every multiwavelet system constructed below, only numerical solution was listed out, since few cases (with low ρ) obtained exact solutions due to greatly calculation burden.
Family 1: Three-band symmetric multiwavelets
The three-band multiwavelets, orthogonal and symmetric, with the balanced order ranging from 1 to 3 and the minimal support length for every balance order, were present here.
1-order balanced case
As displayed in Figure 1 , the two scaling functions are of lengths (5, 9) (that is the degree of y 0,0 (z) and y 1,0 (z) respectively), and are symmetric about (1/2,1) (that is the symmetric place of the two scaling functions, respectively). The S exponent is 0.6789. Among the four wavelet functions displayed in this Figure, the first and the last are symmetric about (1/2,1), while the second and the third are antisymmetric (1/2,1). The solution is presented in Table 1 . 
2-order balanced case
To the 2-order balanced case of this family, the two scaling functions have the same minimal support length of 9, and are symmetric (1,3/2), as seen in Figure 2 . Furthermore, the first and the last wavelet functions are symmetric at the two points, and the other two are antisymmetric at the two points, respectively. The S exponent for the case is 1.0186, and the solution is given in Table 2 .
3-order balanced case
The 3-order balanced case was obtained by increasing the support lengths of the two scaling functions to 17. With the S exponent of 1.6886 as shown in Figure 3 , they are smoother than the two cases above. The two scaling functions are symmetric about (2,5/2). Similar to the two cases above, two of the wavelet functions are symmetric at these points respectively, and the other two are antisymmetric. The solution is presented in Table 3 .
Family 2: Three-band flipped multiwavelets
Also, every one in this family is orthogonal, of ρ-order balancing (ρ€ {1,2,3}), and with the minimal support length for its balanced order.
1-order balanced case
As shown in Figure 4 , the two scaling functions are flipped at 1/2, whereas the four wavelet functions are symmetric/ antisymmetric at the same place. Both support lengths are same as 6, and the S is 0.5000. We presented this solution in Table 4 .
2-order balanced case
At the place of 5/4, the two scaling functions in this case are flipped, and their four wavelet functions are symmetric/antisymmetric, as seen in Figure 5 . The support lengths are (12,12), the S is equal to 1.6462, and the solution is given in Table 5 .
3-order balanced case
As displayed in Figure 6 , the scaling functions here are flipped at 7/4, and the four wavelet functions are symmetric/antisymmetric at the same place. Compared with the two cases above, the lengths are longer, same as 16, and the smoothness is better, with the S of 2.3596. This solution is presented in Table 6 .
Family 3: Four-band symmetric multiwavelets
For each balanced order in this family, every pair of scaling functions constructed here are symmetric, but their wavelet functions obtained are antisymmetric. For a pair of scaling functions, 3 pairs of wavelet functions exist here. The rapidly increasing variables and equations make the equation systems so hard to solve, so that some equations related to specified property have to be removed from the equation system in order to find the solution. Hence, the orthogonal wavelet functions without symmetry were obtained.
1-order balanced case
The minimal support lengths of two scaling functions are same as 7, and the symmetric points of the two functions are (1/2,1), as seen in Figure 7 . The S exponent equals 0.5918, and the solution is presented in Table 7 . 
2-order balanced case
As shown in Figure 8 , both scaling functions have the minimal support length of 11, meanwhile, they are symmetric about (1, 3/2). The S is 1.0975, and the solution is given in Table 8 .
3-order balanced case
Due to a more complicated equation system compared with all the cases above, the solutions for this case was obtained in a difficult way. As shown in Figure 9 , its minimal lengths are (19, 21) , and the smoothest has the S of 1.4254. The symmetric centers of the two scaling functions are (3/2, 2). We presented this solution in Table 9 .
Comparison among the three families
The followings about the two families of three-band (that Family 1 and 2) can be found; (1) Compared to the symmetric family, the advantages of the flipped family is shown, that is to 2-order balancing, it has the higher S, while to 3-order balancing, it has the shorter length as well as the higher S. (2) For the two families, the support length and the smoothness both increase as the balanced order rises. Moreover, for the two families with complete symmetry (Family 1 and 3) , the followings can be seen: (1) The higher the balanced order is, the longer the support length and the smoother the system is. (2) A contradiction exists between the following two sides, one side is the support length and another side is the balanced order as well as the smooth level.
PERFORMANCE IN APPLICATION
DEM generalization belongs to data compression in essence; while the data compression is a key application area for the WT. In order to evaluate the practical performance of the constructed M-band multiwavelets, we applied them in DEM generalization application.
For the algorithm of WT based LOD DEM database generalization, as demonstrated in Figure 10 , we used a simple generalization algorithm followed that of Zhu (1999) , McArthur (2000) and Wu (2001) : first to perform a multi-level WT to the original data, and then to perform the inverse WT with all high subband wavelet-domain coefficients zeroed out, while the low subband coefficients kept no changes. That way, one can observe to what extent the method is efficient without the use of more complex generalization algorithm.
With the experiments in this section, we first tested the advantages of the proposed M-band multiwavelet systems over other widely-used wavelet systems, and then evaluated the effectiveness of high-order balanced property in these multiwavelet systems. Figure 11 displays the original DEM data used in the experiments. The area covered by this DEM is situated in YanHe Basin, Loess Plateau, China. It has a spatial resolution of 5 m, and has a relatively complex terrain so as to gain a deeper study. All the experiments in this section were implemented in Matlab and ArcGIS environments. 
Advantages of M-band multiwavelets over other wavelets
It is the advantage of M-band wavelet systems over two-band wavelet systems that fewer-level decompositions bring less accumulated errors, as demonstrated by Zhu (1999) and Zhang (2005) . For instance, using a two-band wavelet system, the decomposition of 2k-level to an
Figure 10. The WT based LOD database generalization algorithm. The Hi and Lo denote the high and low subband coefficients respectively; the IWT denotes the inverse of WT; the WT k denotes the generalized DEM using the WT with k-level decomposition, the same below. original DEM obtains the generalized DEM with the generalized scale of (1/2) 2k , whereas using a four-band wavelet system, just the decomposition of k-level can do this. Thus, the accumulated errors caused by the multi-level decompositions can be reduced, and consequently the deviation between the original and the generalized result can be lessened. In addition, multiwavelets outperform scalar wavelets in FB construction as discussed above. In order to examine the advantages above, we carried out the experiments from two aspects; the assessment to generalized scale and the analysis to generalized deviation for every generalized result. We attempted to finally clarify that for each specified generalized scale, so as to know which one of these systems result in less deviation. For this purpose, only four-band systems and two-band systems were considered in the experiments. It is reasonable to require the compared multiwavelet systems having a same balanced order, so the four-band 3-order balanced case constructed here and the two-band 3-order balanced case designed by Selesnick in 2000 (named symbal3o there) were taken into account in the comparison (abbreviated as four-band MWT and two-band MWT below, respectively). Furthermore, two scalar wavelets of two-band and four-band respectively were also used to evaluate the advantages of multiwavelet. Here, the two-band wavelet known as Daubechies 6 and the four-band wavelet proposed by Steffen and Heller in 1993 (the system with the regularity of 4 in the paper) were chosen for their similar smoothness to other compared systems. Meanwhile, since the Daubechies 6 was also proposed and used by McArthur (2000) in his DEM generalization application, we chose it to make a fair comparison. For simplicity, the two scalar wavelets are denoted as two-band SWT and four-band SWT below respectively.
The generalized scale of each generalized result compared with the original was analyzed in three ways:
(1) At first, it can be approximately assessed by energy ratio ER (Wu and Zhu, 2001) . Using H * to represent a generalized DEM, its energy can be calculated by its norm ||H*||; using H to represent the original DEM, its energy can be calculated by ||H||. Then, ER can be computed via the formula in Equation 6. The similarity between the original and the generalized result is relatively demonstrated by the indicator.
(2) Next, another tool to indirectly assess the generalized scale is gained from length of contours, the ratio LR, with the expression in Equation 6. There, L and L* are the total length of the contours derived from the original DEM and the generalized DEM respectively (with a specified contour interval). LR can be an indirect indicator to represent generalized scale, because there is a close relationship among length of contours, complexity of terrain, and scale of generalization (Yang et al., 2008) . It ranges from zero to one, and is generally closer to zero/one if the generalized scale is higher/lower. (3) In addition, slope frequency curve, as an effective way to visually display generalized scale, is also used here (Yang et al., 2008) . Its horizontal axis represents every slope value, and vertical axis represents the distribution count of every slope value. When generalized scale is higher/lower, more/less flat slopes will be generated from generalization, and consequently the main body of the curve will move toward the right/left side.
The deviation between the original DEM and every generalized DEM was analyzed based on the following elevation indicators, the middle error, max height, min height, and mean height of the generalized DEM (abbreviated as RMSE, Max, Min, Mean below, respectively). The middle error was computed through the formula in (6), where h i and h i * represent the cell values of the original and the generalized result respectively.
Discussion on generalize scale of results
The following is shown from Table 10 : First, the regular decrease of ER along with the rise of the k can be seen here. Secondly, we can also find that LR decreases regularly as the k rises gradually for each case of the contour interval. It is demonstrated by both indicators that the generalized scale regularly increases as the decomposition level rises. Moreover, it is shown from both indicators that the generalized scales obtained from the four-band systems with the decomposition level of k are close to those from the two-band systems with the decomposition level of 2k (k∈ 1,2,3}). Figure 12 displays the slope frequency curves derived from the original DEM and several generalized DEMs. The followings are shown: At first, the overall distribution of the slope values is moving towards the left side as k is rising in each case of wavelet system. That generalizations bring slope decay into generalized results is obviously displayed here. Next, the two curves related to four-band MWT k and two-band MWT 2k respectively are approximately distributed (k∈ {1,2}). This implies their similar generalized scales.
The generalized DEMs obtained from the four-band multiwavelets constructed in this work as well as the original DEM were presented in Figure 13 . It is shown that along with the rise of k, the local detail features in the original DEM are gradually eliminated, whereas the overall trend features are well retained.
Discussion on generalized deviation of results
The values of the indicators applied to analyze the generalized deviation were presented in Table 11 . The followings could be observed: As shown, the Max related to every wavelet system decreases, and conversely the Min increases as the k rises. This demonstrates that the generalized scale increases with the rise in the k for every wavelet system. Meanwhile, that the Mean varies little in this process indicates the overall trend of the original DEM is well preserved at every decomposition level. Secondly, the decrease of the Std along with the rise of the k shows the generations gradually cancel the random features of becomes smooth during the process, just like the display in Figure 13 . In addition, with the discussion on the generalized scale, two facts relating each generalized scale are shown from the indicators Max, Min and especially RMSE. First, the deviations from the four-band wavelet systems are less than those from the two-band systems in most cases, and this phenomenon becomes more obvious as the generalized scale becomes higher. Next, the four-band multiwavelet system always results in less deviation compared with that from the four-band scalar wavelet system. In conclusion, the outperforming of the four-band multiwavelet over the other wavelets (also including the Daubechies 6 wavelet proposed by McArthur, 2000) is shown here.
Effectiveness of high-order balancing
As discussed above, the high-order balanced property of a lowpass/highpass filter branch is the ability to precisely preserve/cancel the trend feature in a signal. The higher balanced order, the more precisely the trend features in a DEM signal can be preserved in approximation coefficient, and the less trend features (or more random features) remain in detail coefficient. This ability can be evaluated by analyzing the spatial self-correlation of the detail coefficient, since the self-correlation will be less significant provided that the coefficient consists of more random features. The Global Moran (GM) indicator, as a common approach to calculate the spatial self-correlation of a 2D data, can be used here to gain a quantitative analysis. It was computed via the expression in Equation 7, where x is the mean of 
According to the experimental purpose, the three-band multiwavelets with different balanced order were tested in the experiment. For a general comparison, other two multiwavelets, Alpert three-band multiwavelet and Asim three-band multiwavelet (Alpert, 1993; Bhatti and Özkaramanli, 2002) were considered here, besides the cases constructed above. Both are orthogonal and symmetric, but unbalanced (or 0-order balanced). We applied the particular orthogonal transform of to their basis separately so as to attach balanced property (1-order balancing) to each system. Unfortunately, just like the discussion above, the symmetry of each system loses at the cost, although the orthogonality still remains. Figures 14 and 15 display the changes of Asim multiwavelet system resulted from the transform.
For each multiwavelet system, (m 2 -1)r 2 detail-coefficient parts (m and r are the same as that above) are generated via one-level decomposition to the original DEM. Then the Global Moran indicator of every part is calculated respectively. To obtain a clear comparison, the mean of these indicators was used as a comprehensive Global Moran indicator. Therefore, there is one value for every multiwavelet system to approximately assess how random the information in the detail coefficients is or how precisely the trend feature is preserved in the approximate coefficient. We can see from the Table 12 that for each multiwavelet family, the Global Moran indicator obtained from their detail coefficient decreases to zero as the ρ rises. This justifies that the ability of the lowpass/highpass filter branch in our constructed multiwavelet systems to precisely preserve/cancel the trend features in a signal is Wang et al. 1901 0 
CONCLUSION
For integrating more key properties into a single wavelet system, multiwavelet is proposed after scalar wavelet; for obtaining greater flexibility in choosing the time-frequency tiling, M-band multiwavelet is developed following two-band multiwavelet. However, a particular property is very necessary to M-band multiwavelet systems, just like the case of two-band multiwavelet systems. After the analysis on the related theories, we presented the procedures of using the Gröbner base technique to construct the M-band multiwavelet system that integrates several key properties together, including orthogonality, symmetry, flipping and balancing. Then, we achieved three families of orthogonal multiwavelets in this way, including three-band symmetric multiwavelet, three-band flipped multiwavelet and four-band symmetric multiwavelet. Every family is of the multiplicity of two, indexed by the increasing balanced order ρ (ρ∈{1,2,3}), and supported by the minimal length according to each balanced order. And for each family, the multiwavelet becomes smoother as the ρ rises. We also tested their practical performances in LOD DEM database generalization application. The results show the advantages of the M-band multiwavelets constructed here over other widely-used wavelet systems, including multiwavelet of two-band, scalar wavelets of M-band and two-band respectively, and also justified the effectiveness of the high-orders balanced property of the proposed multiwavelets in preserving trend features of signals.
However, the minimal support length of the constructed multiwavelet increases so rapidly as balanced order rises gradually. Hence, other approaches must be put forward subsequently (to raise the multiplicity that is to set the r higher). In addition, we should further test the practical performance of the constructed multiwavelets in other signal processing areas in future.
